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a	strong	evidence	for	causal	 relationship,	 it	 is	generally	believed	 that	60%	to	80%	of	
colorectal	cancer	 in	 the	 industrialized	countries	may	be	 linked	 to	dietary	preferences.	
A	 survey	 of	 epidemiologic	 case-control	 studies	 that	 investigated	 the	 relationship	 be-




ies has not confirmed strong correlation between fruit and vegetables consumption and 
the	overall	risk	of	colon	cancer	but	pointed	to	the	association	with	a	lower	risk	of	distal	
colon	cancer	(10).
Despite	 the	 assumption	 that	 diet	may	have	 a	major	 role	 in	 cancer,	 up	 to	 now	 the	
studies failed to identify the specific dietary components causally involved in colorectal 
cancer etiology. Beneficial properties of fiber of vegetable sources were documented in 
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many	case-control	studies	(11–14),	however,	it	may	be	also	true	that	high	consumption	
of saturated fats and animal proteins coupled with low fiber intake might play a role in 




fatty	 acids	 (SCFA),	 and	 changes	of	 the	 luminal	 pH	 (16).	An	 increased	production	of	
SCFA	in	the	course	of	bacterial	fermentation	may	also	have	an	important	role	in	colon	















sexes	may	be	 attributable	 to	 this	 (19).	Some	 recent	 studies	 also	 suggest	 that	 tobacco	
smoking	elevates	 the	 risk	of	 colorectal	 cancer	 (20,	21).	Relative	 risks	 for	 long-terms	
smokers,	compared	with	those	who	have	never	smoked,	are	in	the	range	1.5–3.0.	How-












carotenoids, flavonoids, isoflavonoids, and phenolic acids. (23–24).Many phytochemi-
cals	present	in	various	food	products,	have	been	found	to	possess	also	other	biochemical	
properties,	which	are	 important	 in	protecting	against	cancer.	 It	was	demonstrated	that	
phytochemicals might inhibit cancer cell proliferation, regulate inflammatory and im-
mune	response,	and	protect	against	lipid	oxidation	(25–27).	
Several	commonly	consumed	foods	and	beverages,	including	cranberries,	apples	and	
onions, but also tea, wine and cocoa, have been considered as particularly beneficial 
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dietary	components	due	to	their	high	content	of	antioxidants.	A	major	class	of	phyto-
chemicals found commonly in fruits and vegetables are the flavonoids that belong to 
polyphenolic	compounds	and	occur	naturally	 in	various	foods	and	beverages	of	plant	




in their chemical structures, flavonoid compounds may have different effects on human 
health. The flavonoid compounds have been demonstrated in vitro	to	inhibit	colon	cancer	
cell	proliferation,	possibly	due	to	the	involvement	in	reducing	mRNA	levels	of	tumor-
promoting enzymes such as cyclooxygenase-2. It is important that many flavonoids act 
also	as	antioxidants,	because	they	scavenge	free	radicals.
It is estimated that apples are very rich source of flavonoids (28–30) and if compared 
to	many	other	commonly	consumed	fruits,	apples	have	the	second	highest	level	of	anti-
oxidant	power	(Fig.	11.1).	Apples	are	also	ranked	as	the	second	for	total	concentration	




a stronger antioxidant activity than apple flesh and apple peels alone inhibited the growth 






from	other	 compounds	 present	 in	 apples	 and	 it	 is	 believed	 that	 vitamin	C	 present	 in	
apples	contributed	to	less	than	0.4%	of	total	antioxidant	activity	attributed	to	apples.	
Figure 11.1. Total antoxidant acivity (µmol vitamin C equivalents/g fruits), modified from Boyer J, Liu RH. 
Apple phytochemicals and their health benefits. Nutrition Journal 2004; 25
Jedrychowski 3.indd   135 06-06-2009   17:14:09











oxidant activity than the apple flesh. Recent research has shown that apple peels contain 
from	two	to	six	times	(depending	on	the	variety)	more	phenolic	compounds	than	in	the	
flesh, and two to three times more flavonoids in the peels when compared to the flesh. 
Accordingly,	the	antioxidant	activity	of	the	peels	was	also	much	greater,	ranging	from	




greater plasma antioxidant capacity when compared to rats fed with apple flesh. 
Figure 11.2. Chemical structures of selected apple antioxidants
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Many	research	performed	in vitro	and	in	animal	experiments	showed	that	potential	












Bioavailability	of	phytochemicals	 is	 important	 issue	for	understanding	of	 the	ben-
eficial effect of phytochemicals on human health. Up to now, there is a scarcity of data 
on	 the	 bioavailability	 of	 phytochemicals	 from	 the	 apple.	One	 of	 the	 few	 studies	 ad-
dressing	bioavailability	of	apple	products	assessed	 the	bioavailability	of	polyphenolic	
compounds	from	alcoholic	apple	cider	in	volunteers.	After	drinking	1.1	liters	of	apple	
cider,	 no	 quercetin	was	 found	 in	 the	 volunteers’	 plasma	 but	 low	 levels	 of	 3’-methyl	
quercetin	and	4’-methyl	quercetin	were	seen	after	60	minutes	following	consumption.	
Caffeic	acid	was	rapidly	absorbed,	but	within	90	minutes	the	caffeic	levels	in	the	plasma	





the	bioavailability	of	quercetin	 from	onions	 (39).	 In	 this	 latter	 study,	quercetin	 levels	
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Based	on	 the	 animal	 and	human	 studies,	 it	 appears	 that	 apples,	which	 are	 rich	 in	




















of the group effect of dietary elements and its specific importance for the occurrence of 
colorectal	cancer.













statistically significant in univariable analysis only for total intake of fruits (z = –3.13, 
p for trend = 0.002) and apples (z = –3.36, p for trend = 0.003) (Table 11.3). Statistical 
analysis	performed	with	multivariable	logistic	regression	model	provided	adjusted	risk	
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estimates	(ORs)	for	the	number	of	fruit	servings	consumed	daily	(Table	11.4a).	It	does	
show that OR of colorectal cancer inversely and significantly correlated with the number 





Table 11.1. Frequency of fruit servings consumed daily by controls and cases
Fruits total Berries Citrus Stone fruits Apples
Controls (N = 745)
Mean 2.6 0.6 0.3 0.3 1.2
Percentile 25 0.8 0.05 0.02 0.01 0.3
Median 1.6 0.2 0.1 0.01 0.7
Percentile 75 3.4 0.8 0.3 0.3 1.5
Cases (N = 584)
Mean 1.9 0.4 0.2 0.2 0.9
Percentile 25 0.8 0.07 0.04 0.16 2.5
Median 1.4 0.2 0.1 0.08 0.7
Percentile 75 2.5 0.6 0.3 0.22 1.0
Total (1329)
Mean 2.3 0.6 0.2 0.3 1.0
Percentile 25 0.8 0.01 0.02 0.02 0.3
Median 1.5 0.2 0.1 0.08 0.7
Percentile 75 3.0 0.7 0.3 0.3 1.1
Table 11.2. Amount of fruits (g/day) consumed by controls and cases
Fruits total Berries Citrus Stone fruits Apples
Controls (N = 745)
Mean 81.3 15.9 5.6 11.2 39.7
Percentile 25 32.7 2.0 0.6 0.6 11.5
Median 54.2 8.3 3.1 5.4 25.7
Percentile 75 107.2 22.5 6.7 12.4 46.8
Cases (N = 584)
Mean 72.0 14.5 5.7 9.6 34.3
Percentile 25 33.3 3.6 1.0 0.9 9.9
Median 49.9 8.3 3.4 5.3 23.7
Percentile 75 94.4 18.0 7.3 11.1 43.3
Total (N = 1329)
Mean 77.2 15.3 5.6 10.5 37.3
Percentile 25 33.2 2.8 0.73 0.8 11.0
Median 51.9 8.3 3.2 5.4 24.8
Percentile 75 100.9 20.7 7.1 12.0 46.0
Jedrychowski 3.indd   139 06-06-2009   17:14:10
140 Wieslaw A. Jedrychowski, Tadeusz Popiela, Umberto Maugeri
Table 11.3. Nonparametric Wilcoxon test for the number of fruit servings in controls and cases




































Prob > |z| = 0.532
Other fruits (including apples)







Prob > |z| = 0.001
Only Apples







Prob > |z| = 0.003
Figure 11.3. Correlation between amount of fruits consumption (g/day) and the number of daily servings
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Table 11.4a. Estimated risk (OR) of colorectal cancer related to the amount of total fruits consumed 
(number of daily servings) adjusted for potential confounders
Predictors Odds  Ratio Std. Err. z P > z
[95% Conf.
Interval]
Age (years) 1.02 0.01 3.25 0.001 1.01 1.03
Gender 0.90 0.12 –0.83 0.406 0.69 1.16
Marital status 0.55 0.08 –4.01 0.000 0.42 0.74
Residence 1.85 0.22 5.28 0.000 1.47 2.33
Smoking status 1.09 0.08 1.13 0.259 0.94 1.25
BMI (tertiles) 1.04 0.07 0.48 0.631 0.90 1.19
Energy intake (tertiles) 0.93 0.08 –0.85 0.393 0.80 1.09
Fruits total (number of daily servings) 0.90 0.03 –3.74 0.000 0.84 0.95
Figure 11.4. Predicted ORs of colorectal cancer related to daily intake of fruits 
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Table 11.4b. Percent change in odds for change in predictor variables (X) related to the amount of total 
fruits consumed (number of daily servings) and other potential risk factors
Predictors Rawcoefficient
z-score 






odds for unit 
increase in X
Percent 
change in odds 





Age (years) 0.02 3.25 0.001 1.9 21.9 10.6
Gender –0.11 –0.83 0.406 –10.3 –5.3 0.5
Marital status –0.59 –4.01 0.000 –44.5 –21.8 0.4
Residence 0.62 5.28 0.000 85.2 35.6 0.5
Smoking status 0.08 1.13 0.259 8.5 7.2 0.8
BMI (tertiles) 0.04 0.48 0.631 3.5 2.9 0.8
Energy intake 
(tertiles) –0.07 –0.85 0.393 –6.6 –5.4 0.8
Fruits, total 
(number of daily 
servings) 
–0.11 –3.74 0.000 –10.5 –25.9 2.7
Tables	11.5	and	11.6	present	the	adjusted	estimates	of	colorectal	cancer	risk	in	quar-
tiles of apple consumption. The results supported earlier findings that reflected consis-
tently	reduced	risk	estimates	of	colorectal	cancer	with	daily	amount	of	apples	consumed	
in	g/day	(Table	11.5)	and	those	for	the	number	of	daily	apple	servings	(Table	11.6).	It	is	
important to mention, however, that the significant reduction of OR estimates was only 
observed	for	higher	intake	of	apples.	The	adjusted	OR	of	colorectal	cancer	was	lowest	
at the consumption of more than 46 g of apples per day (OR = 0.71; 95% CI: 0.52–0.98) 
and one or more servings daily (OR = 0.61; 95% CI: 0.43–85.3). Predicted probability of 
cases	related	to	intake	of	apples	(g/day)	is	presented	in	Figure	11.5.
Table 11.5. Estimated risk (OR) of colorectal cancer related to the amount of apple consumed daily (g/day 
in quartiles) adjusted for potential confounders
Predictors Odds  Ratio Std. Err. z P > z
[95% Conf.
Interval]
Age (years) 1.02 0.01 3.55 0.000 1.01 1.03
Marital status 0.55 0.08 –4.14 0.000 0.42 0.73
Residence 1.94 0.22 5.75 0.000 1.55 2.44
Smoking status 1.05 0.04 1.23 0.218 0.97 1.13
BMI (tertiles) 1.02 0.07 0.30 0.762 0.89 1.17
Energy intake (tertiles) 0.91 0.07 –1.29 0.197 0.78 1.05
Apples (quartiles)
Q1 < 10.9 g/day 1.00
Q2 (10.9–24.8 g/day) 0.88 0.14 –0.79 0.428 0.64 1.21
Q3 (24.9–46.0 g/day) 0.79 0.13 –1.48 0.139 0.58 1.08
Q4 (> 46.0 g/day) 0.71 0.12 –2.05 0.004 0.52 0.98
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Table 11.6. Estimated risk (OR) of colorectal cancer related to the number of apple servings consumed 
daily (in quartiles) adjusted for potential confounders
Predictors Odds Ratio Std. Err. z P > z
[95% Conf.
Interval]
Age (years) 1.02 0.01 3.20 0.001 1.01 1.03
Marital status 0.55 0.08 –4.06 0.000 0.42 0.74
Residence 1.90 0.22 5.51 0.000 1.51 2.40
Smoking 1.06 0.04 1.40 0.161 0.98 1.14
BMI (tertiles) 1.04 0.08 0.61 0.544 0.91 1.20
Energy intake (tertiles) 0.91 0.07 –1.29 0.197 0.78 1.05
Apple servings/day in quartiles
Q1 (< 0.25) servings/day 1.00
Q2 (0.26–0.68) servings/day 1.00 0.16 0.02 0.987 0.73 1.37
Q3 (0.69–1.08) servings/day 1.01 0.16 0.04 0.972 0.73 1.38
Q4 (> 1.08) servings/day 0.61 0.11 –2.87 0.004 0.43 0.85
Vegetables servings (quartiles) 0.99 0.079 –0.11 0.910 0.85 1.16
Figure 11.5. Predicted ORs of colorectal cancer related to the consumption of apples (g/day)
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Table 11.7a. Estimated risk (OR) of colorectal cancer related to the amount of apple consumed (number 
of daily servings) adjusted for potential confounders
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Age (years) 1.02 0.01 3.22 0.001 1.01 1.03
Gender 0.88 0.11 –0.99 0.324 0.68 1.14
Marital status 0.55 0.08 –4.02 0.000 0.42 0.74
Residence 1.90 0.22 5.50 0.000 1.51 2.39
Smoking status 1.09 0.08 1.23 0.219 0.95 1.26
BMI (tertiles) 1.05 0.08 0.67 0.504 0.91 1.21
Energy intake (tertiles) 0.90 0.07 –1.42 0.157 0.77 1.04
Apple servings daily 0.81 0.04 –3.85 0.000 0.73 0.90
Table 11.7b. Percentage change in Odds for change in predictor variables (X) related to the amount of 






















Age (years) 0.02 3.22 0.001 1.9 21.7 10.6
Gender –0.13 –0.99 0.324 –12.1 –6.2 0.5
Marital status –0.59 –4.02 0.000 –44.7 –21.9 0.4
Residence 0.64 5.50 0.000 90.0 37.3 0.5
Smoking status 0.09 1.23 0.219 9.3 7.9 0.9
BMI (tertiles) 0.05 0.67 0.504 4.9 4.0 0.8
Energy intake (tertiles) –0.11 –1.42 0.157 –10.4 –8.6 0.8
Apple servings daily –0.21 –3.86 0.000 –19.1 –23.2 1.3
In	the	subsequent	nested	logistic	multivariable	models	(Table	11.8)	we	were	able	to	
show that except apples, no other fruits recorded were significantly associated with the 
risk	of	colorectal	cancer.	Summary	statistics	of	the	latter	analysis	has	shown	that	only	
the consumption of apples significantly contributed to explaining the occurrence of cases 
(Chi2 = 17.76, p < 0.0001) and the effect of other fruits was of border significance. Out of 
all	demographic	variables	considered	in	the	statistical	models,	the	higher	risk	of	colorec-
tal	cancer	was	observed	among	older	persons	(Chi2 = 11.15, p = 0.0008), residents of 
villages	or	small	towns	(Chi2 = 38.03, p = 0.0000) and married persons (Chi2 = 17.12, 
p < 0.0001).
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Table 11.8. Estimated risk of colorectal cancer related to dietary factors (number of various fruit servings 
daily in tertiles) adjusted for confounders. The nested (hierarchical) logistic regression
Case Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Block 1 (Apples)
Apples 0.80 0.042 –4.21 0.000 0.73 0.89
Block 2 (Apples, stone fruits)
Apples 0.83 0.05 –3.34 0.001 0.75 0.93
Stone fruits 0.77 0.12 –1.74 0.083 0.57 1.04
Block 3 (Apples, stone fruits, citrus)
Apples 0.83 0.05 –3.38 0.001 0.74 0.92
Stone fruits 0.74 0.12 –1.83 0.068 0.54 1.02
Citrus 1.11 0.19 0.58 0.565 0.79 1.55
Block 4 (Apples, stone fruits, citrus, berries)
Apples 0.84 0.05 –3.11 0.002 0.75 0.94
Stone fruits 0.87 0.16 –0.76 0.445 0.61 1.24
Citrus 1.20 0.21 1.01 0.310 0.85 1.70
Berries 0.83 0.08 –1.91 0.056 0.69 1.01
Block 5 (Apples, stone fruits, citrus, berries, age)
Apples 0.84 0.05 –3.20 0.001 0.75 0.93
Stone fruits 0.86 0.16 –0.84 0.398 0.60 1.22
Citrus 1.23 0.22 1.15 0.251 0.87 1.74
Berries 0.84 0.08 –1.81 0.071 0.70 1.02
Age 1.02 0.01 3.34 0.001 1.01 1.03
Block 6 (Apples, stone fruits, citrus, berries, age, residence)
Apples 0.83 0.05 –3.20 0.001 0.74 0.93
Stone fruits 0.81 0.15 –1.16 0.248 0.57 1.16
Citrus 1.37 0.25 1.75 0.081 0.96 1.95
Berries 0.87 0.085 –1.39 0.165 0.72 1.06
Age 1.02 0.01 3.65 0.000 1.01 1.03
Residence 2.05 0.24 6.17 0.000 1.63 2.57
Block 7 (Apples, stone fruits, citrus, berries, age, residence, marital status)
Apples 0.83 0.05 –3.21 0.001 0.74 0.93
Stone fruits 0.81 0.15 –1.15 0.249 0.57 1.16
Citrus 1.36 0.25 1.70 0.088 0.95 1.95
Berries 0.87 0.09 –1.41 0.159 0.72 1.06
Age 1.02 0.01 3.87 0.000 1.01 1.03
Residence 1.93 0.23 5.60 0.000 1.53 2.43
Marital status 0.55 0.08 –4.14 0.000 0.42 0.73
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Summary statististics
Block Chi2 Df Pr > F
1. (Apples) 17.76 1 0.0000
2. (Apples, stone fruits) 3.01 1 0.0826
3. (Apples, stone fruits, citrus) 0.33 1 0.5652
4. (Apples, stone fruits, citrus, berries) 3.64 1 0.0563
5. (Apples, stone fruits, citrus, berries, age) 11.15 1 0.0008
6. (Apples, stone fruits, citrus, berries, age, residence) 38.03 1 0.0000
7. (Apples, stone fruits, citrus, berries, age, residence, marital status) 17.12 1 0.0000




the potential effect of vegetable intake was insignificant after simultaneous controlling 
for	fruit	intake.	Interestingly,	the	effect	of	cigarette	smoke	on	the	occurrence	of	colorec-
tal cancer was confirmed only in persons with the low intake of fruits (Table 11.10). 
Table 11.9. Estimated risk of colorectal cancer related to dietary factors (number of fruit and vegetable 
servings daily in tertiles) adjusted for confounders. The nested (hierarchical) logistic regression 
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Block 1 (Fruits)
Fruits 0.80 0.05 –3.28 0.001 0.70 0.91
Block 2 (Fruits and vegetables)
Fruits 0.82 0.06 –2.62 0.009 0.71 0.95
Vegetables 0.95 0.07 –0.68 0.499 0.82 1.10
Block 3 (Fruits, vegetables and age)
Fruits 0.80 0.06 –2.87 0.004 0.69 0.93
Vegetables 0.98 0.08 –0.26 0.798 0.84 1.14
Age (years) 1.02 0.01 3.31 0.001 1.01 1.03
Block 4 (Fruits, vegetables, age and place of residence)
Fruits 0.81 0.06 –2.65 0.008 0.70 0.95
Vegetables 1.00 0.79   0.03 0.976 0.86 1.17
Age (years) 1.02 0.01   3.60 0.000 1.01 1.03
Residence 2.02 0.23   6.15 0.000 1.62 2.53
Block 5 (Fruits, vegetables, age, place of residence and marital status)
Fruits 0.82 0.06 –2.54 0.011 0.70 0.96
Vegetables 0.98 0.08 –0.32 0.749 0.84 1.14
Age (years) 1.02 0.01   3.79 0.000 1.01 1.03
Residence 1.91 0.23   5.58 0.000 1.52 2.39
Marital status 0.55 0.08 –4.13 0.000 0.42 0.73
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Summary statistics
Block Chi2 Df Pr > F
1. (Fruits) 10.74 1 0.001
2. (Fruits, vegetables) 0.46 1 0.499
3. (Fruits, vegetables and age) 10.93 1 0.001
4. (Fruits, vegetables, age and place of residence) 17.88 1 0.000
5. (Fruits, vegetables, age, place of residence and marital status) 17.02 1 0.000
Table 11.10. Estimated risk (OR) of colorectal cancer related to cigarette smoking status adjusted for 
potential confounders (by strata of fruit consumption)
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
A. One or more fruit servings a day
Age (years) 1.01 0.01 1.58 0.114 1.00 1.03
Gender 1.01 0.16 0.08 0.937 0.74 1.38
Marital status 0.63 0.12 –2.56 0.011 0.44 0.90
Residence 1.87 0.27 4.30 0.000 1.41 2.48
Smoking status 1.05 0.17 0.31 0.758 0.77 1.44
BMI (tertiles) 1.05 0.09 0.60 0.550 0.89 1.25
Energy intake (tertiles) 0.81 0.08 –2.16 0.031 0.67 0.98
B. Less than one fruit serving a day
Age (years) 1.03 0.01 3.04 0.002 1.01 1.05
Gender 0.59 0.13 –2.39 0.017 0.39 0.91
Marital status 0.43 0.11 –3.38 0.001 0.27 0.70
Residence 1.97 0.39 3.43 0.001 1.34 2.90
Smoking status 1.56 0.35 2.03 0.043 1.02 2.41
BMI (tertiles) 0.96 0.12 –0.33 0.739 0.75 1.23












tistically significant in univariate analysis only for total vegetables (z = –2.41, p = 0.016) 
and pickled vegetables (z = –4.18, p < 0.0001) (Table 11.13). 
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Controls (N = 745)
Mean 2.3 1.4 0.2 0.85 0.09 0.6 0.3
Percentile 25 1.2 0.6 0.08 0.25 0.0 0.3 0.1
Median 1.8 1.0 0.14 0.52 0.07 0.5 0.2
Percentile 75 2.8 1.7 0.2 1.04 0.14 0.7 0.4
Cases (N = 584)
Mean 2.0 1.2 0.15 0.65 0.09 0.6 0.2
Percentile 25 1.2 0.6 0.08 0.26 0.0 0.3 0.08
Median 1.7 1.0 0.14 0.51 0.08 0.5 0.2
Percentile 75 2.5 1.5 0.18 1.0 0.14 0.7 0.3
Total (N = 1329)
Mean 2.2 1.3 0.16 0.77 0.09 0.6 0.3
Percentile 25 1.2 0.6 0.08 0.25 0.0 0.3 0.08
Median 1.8 1.0 0.14 0.51 0.07 0.5 0.2
Percentile 75 2.6 1.6 0.19 1.0 0.14 0.7 0.4















Controls (N = 745)
Mean 102.3 43.6 3.6 22.2 10.8 41.3 16.1
Percentile 25 61.6 19.6 0.4 8.9 2.8 21.9 4.9
Median 83.3 33.0 2.3 15.2 6.7 34.1 11.7
Percentile 75 123.0 54.6 4.6 29.1 13.5 50.7 20.0
Cases (N = 584)
Mean 88.5 36.8 3.4 18.2 8.7 38.7 11.7
Percentile 25 58.4 19.5 0.4 8.5 3.1 23.9 3.3
Median 78.6 29.5 2.2 14.3 6.8 34.2 9.7
Percentile 75 105.8 46.1 4.6 25.3 11.5 47.7 16.1
Total (N = 1329)
Mean 96.2 40.6 3.5 20.5 9.9 40.2 14.2
Percentile 25 59.6 19.5 0.4 8.7 2.9 22.8 4.2
Median 81.2 31.0 2.3 14.8 6.7 34.1 10.7
Percentile 75 115.4 50.4 4.6 27.2 12.4 49.6 18.5
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Table 11.13. Nonparametric Wilcoxon rank test for the number of vegetable servings in controls and 
cases
Variables obs Sum of ranks Significance level
Vegetables, total 
Controls   






Prob > |z| = 0.016
Raw vegetables, total
Controls   






Prob > |z| = 0.098
Lettuce
Controls   






Prob > |z| = 0.185
Cabbages, cucumbers, radish 
Controls    






Prob > |z| = 0.184
Carrot
Controls   






Prob > |z| = 0.255
Tomato/sweet pepper 
Controls   






Prob > |z| = 0.121
Onions, chives
Controls   






Prob > |z| = 0.768
Mixed salads
Controls   






Prob > |z| = 0.612
Cooked vegetables
Controls   





























inversely correlated with daily number of servings, however, insignificant reduction of 
OR	estimates	was	 observed.	 In	 other	 approach,	we	 repeated	 the	 analysis	 using	 other	
statistical	model	 substituting	 variable	 total vegetables	 by	pickled	 ones	 (Table	 11.15).	
This time it was possible to point out that the preventive effect was significant both for 
moderate (OR = 0.73; 95% CI 0.53–1.00) and higher consumption of pickled vegetables 
in comparison with the lowest intake level (OR = 0.58; 95% CI: 0.41–0.82). As earlier, 
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Table 11.14. Estimated risk (OR) of colorectal cancer related to the number of vegetable servings con-
sumed daily (in quartiles) adjusted for potential confounders
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Age (years) 1.02 0.01 3.12 0.002 1.01 1.03
Marital status 0.55 0.79 –4.21 0.000 041 072
Residence 1.90 0.22 5.50 0.000 1.51 2.38
Smoking 1.04 0.04 1.03 0.302 0.97 1.12
BMI (tertiles) 1.03 0.07 0.43 0.668 0.90 1.19
Energy intake (tertiles) 0.89 0.07 –1.53 0.126 0.77 1.03
Vegetable servings in quartiles
Q1 (< 1.19 servings/day) 1.00
Q2 (1.20–1.75 servings daily) 0.98 0.16 –0.12 0.901 0.71 1.35
Q3 (1.76–2.62 servings a day) 1.03 0.17 0.19 0.850 0.75 1.42
Q4 ( > 2.62 servings a day) 0.83 0.14 –1.10 0.273 0.59 1.16
Table 11.15. Estimated risk (OR) of colorectal cancer related to the number of vegetable servings con-
sumed daily (in quartiles) adjusted for potential confounders
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Age (years) 1.02 0.01 2.99 0.003 1.01 1.03
Marital status 0.54 0.08 –4.31 0.000 0.40 0.72
Residence 1.89 0.22 5.46 0.000 1.50 2.37
Smoking status 1.04 0.04 0.97 0.331 0.96 1.12
BMI (tertiles) 1.04 0.08 0.57 0.570 0.91 1.20
Energy intake (tertiles) 0.94 0.07 -0.88 0.377 0.81 1.08
Picked vegetables (servings/day)
Q1 (< 0.08 servings a day) 1.00
Q2 (0.09–0.16 servings a day) 0.86 0.14 –0.96 0.337 0.63 1.17
Q3 (0.17–0.37 servings a day) 0.73 0.12 –1.97 0.049 0.54 1.00
Q4 (> 0.37 servings a day) 0.58 0.10 –3.13 0.002 0.41 0.82
In	the	subsequent	analysis,	besides	variable	total vegetables	we	introduced	total	fruits	
(Table	11.16)	and	afterwards	we	substituted	the	variable	total vegetables	by	pickled veg-
etables (Table 11.17). While the effect of fruits remained significant (OR = 0.65; 95% 
CI:	0.47–0.88),	there	was	revealed	the	independent	inverse	effect	of	pickled	vegetables	
on the colorectal cancer risk estimates. Table 11.18 shows similar significant effect of 
combined	intakes	of	apples	and	pickled	vegetables.	Using	the	nested	logistic	multivari-
able model we were able to confirm that both pickled vegetables (OR = 0.68; 95% CI: 
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Figure 11.6. Predicted ORs of colorectal cancer related to daily intake of vegetables 
Figure 11.7. Predicted ORs of colorectal cancer related to daily intake of pickled vegetables
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0.51–0.91) and apples (OR = 0.62; 95% CI: 0.46–0.84) were independently associated 
with	the	lower	risk	of	colorectal	cancer	(Table	11.19).	Summary	statistics	of	the	latter	
analysis has indicated that besides consumption of apples, which significantly contrib-
uted	to	explaining	the	occurrence	of	cases	(chi2 = 10.91, p = 0.001) the preventive effect 




Table 11.16. Estimated risk (OR) of colorectal cancer related to the number of fruit servings consumed 
daily (in tertiles) adjusted for vegetables servings and other potential confounders 
Case Odds Ratio z P > z [95% Conf. interval]
Age (years) 1.02 3.47 0.001 1.01 1.03
Gender 0.95 –0.44 0.661 0.75 1.20
Marital status 1.77 3.87 0.000 1.32 2.35
Residence 1.88 5.39 0.000 1.49 2.36
Smoking status 1.07 1.63 0.103 0.99 1.15
BMI (tertiles) 1.02 0.30 0.760 0.89 1.18
Total fruit servings (tertiles)
 Q1 1.00
 Q2 0.96 –0.26 0.793 0.73 1.27
 Q3 0.65 –2.74 0.006 0.47 0.88
Total vegetable servings (tertiles)
 Q1 1.00
 Q2 1.09 0.62 0.534 0.82 1.45
 Q3 0.95 –0.33 0.742 0.69 1.30
Table 11.17. Estimated risk (OR) of colorectal cancer related to the number of fruit servings consumed 
daily (in tertiles) adjusted for pickled vegetables (servings) and other potential confounders 
Case Odds Ratio z P > z [95% Conf. interval]
Age (years) 1.02 3.20 0.001 1.01 1.03
Gender 0.90 –0.84 0.398 0.72 1.14
Marital status 1.78 3.92 0.000 1.34 2.38
Residence 1.87 5.38 0.000 1.49 2.35
Smoking status 1.06 1.48 0.140 0.98 1.14
BMI (tertiles) 1.03 0.44 0.662 0.90 1.19
Total fruit servings (tertiles)
 Q1 1.00
 Q2 1.00 –0.01 0.997 0.76 1.31
 Q3 0.69 –2.51 0.012 0.52 0.92
Pickled vegetables (tertiles)
 Q1 1.00
 Q2 0.86 –1.12 0.262 0.66 1.12
 Q3 0.67 –2.66 0.008 0.50 0.90
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Table 11.18. Estimated risk (OR) of colorectal cancer related to the number of apple servings consumed 
daily (in tertiles) adjusted for pickled vegetables (tertiles of servings) and other potential confounders
Case Odds Ratio z P > z [95% Conf. Interval]
Age (years) 1.02 3.21 0.001 1.01 1.03
Gender 0.90 –0.86 0.387 0.71 1.14
Marital status 1.78 3.88 0.000 1.33 2.37
Residence 1.88 5.43 0.000 1.50 2.37
Smoking 1.06 1.44 0.150 0.98 1.14
BMI (tertiles) 1.04 0.61 0.545 0.91 1.20
Apple servings (tertiles)
 Q1 1.00
 Q2 1.04 0.29 0.771 0.80 1.35
 Q3 0.62 –3.09 0.002 0.46 0.84
Pickled vegetables (tertiles)
 Q1 1.00
 Q2 0.87 –1.05 0.294 0.66 1.13
 Q3 0.68 –2.61 0.009 0.51 0.91
Table 11.19. Estimated risk of colorectal cancer related to dietary factors (number of apple and pickled 
vegetable servings consumed daily – in tertiles) adjusted for potential confounders. The nested (hierarchi-
cal) logistic regression
Case Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Block 1 (Apples)
Apples 0.79 0.056 –3.30 0.001 0.69 0.91
Block 2 (Apples and pickled vegetables)
Apples 0.83 0.06 –2.61 0.009 0.72 0.95
Pickled vegetables 0.81 0.06 –3.02 0.003 0.71 0.93
Block 3 (Apples, pickled vegetables and age)
Apples 0.82 0.06 –2.77 0.006 0.71 0.94
Pickled vegetables 0.83 0.06 –2.66 0.008 0.72 0.95
Age 1.02 0.01 3.09 0.002 1.01 1.03
Block 4 (Apples, pickled vegetables, age and place of residdence)
Apples 0.82 0.06 –2.71 0.007 0.71 0.96
Pickled vegetables 0.85 0.06 –2.34 0.019 0.73 0.97
Age 1.02 0.01 3.39 0.001 1.01 1.03
Residence 2.03 0.23 6.16 0.000 1.62 2.54
Block 5 (Apples, pickled vegetables, age, place of residence and marital status)
Apples 0.82 0.06 –2.73 0.006 0.71 0.94
Pickled vegetables 0.83 0.06 –2.62 0.009 0.72 0.95
Age 1.02 0.01 3.60 0.000 1.01 1.03
Residence 1.91 0.22 5.56 0.000 1.52 2.39
Marital status 0.54 0.08 –4.30 0.000 0.41 0.71
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Summary statistics
Block Chi2 Df Pr > F
1. (Apples) 10.91 1 0.001
2. (Apples and pickled vegetables) 9.10 1 0.003
3. (Apples, pickled vegetables and age) 9.52 1 0.002
4. (Apples, pickled vegetables, age place of residence) 37.96 1 0.000
5. (Apples, pickled vegetables, age, place of residence and marital status) 18.45 1 0.000
Final	multivariable	logistic	regression	model	for	the	number	of	fruit	servings	con-
sumed	daily	 (Tables	11.20a	and	11.20b)	 indicated	 that	percent	 change	of	 the	 risk	es-
timates	 in	 terms	 of	 an	 increase	 in	 vegetable	 servings	 by	 one	 unit	 decreased	 the	 risk	
estimates	 by	 about	 14%.	However,	 the	 percent	 change	of	 the	 risk	 estimates	 in	 terms	




Table 11.20a. Estimated risk (OR) of colorectal cancer related to the amount of vegetables consumed 
(number of daily servings) adjusted for potential confounders
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Age (years) 1.02 0.01 3.01 0.003 1.01 1.03
Gender 0.87 0.11 –1.06 0.290 0.68 1.13
Marital status 0.54 0.08 –4.15 0.000 0.41 0.73
Residence 1.85 0.22 5.25 0.000 1.47 2.32
Smoking status 1.07 0.08 0.95 0.344 0.93 1.23
BMI (tertiles) 1.05 0.08 0.61 0.542 0.91 1.20
Energy intake (tertiles) 0.93 0.08 –0.85 0.393 0.80 1.09
Vegetable servings 0.86 0.04 –3.31 0.001 0.79 0.94
Table 11.20b. Percentage change in Odds for change in predictor variables (X) related to the amount of 






















Age (years) 0.02 3.007 0.003 1.7 20.1 10.6
Gender –0.14 –1.059 0.290 –12.9 –6.6 0.5
Marital status –0.61 –4.150 0.000 –45.7 –22.5 0.4
Residence 0.61 5.246 0.000 84.7 35.4 0.5
Smoking status 0.07 0.946 0.344 7.1 6.0 0.9
BMI (tertiles) 0.04 0.609 0.542 4.5 3.6 0.8
Energy intake (tertiles) –0.07 –0.854 0.393 –6.7 –5.5 0.8
Vegetable servings –0.15 –3.306 0.001 –14.0 –20.2 1.5
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Table 11.21a. Estimated risk (OR) of colorectal cancer related to the amount of pickled vegetables con-
sumed (number of daily servings) adjusted for potential confounders
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Age (years) 1.012 0.01 2.85 0.004 1.01 1.03
Gender 0.82 0.11 –1.57 0.117 0.63 1.05
Marital status 0.55 0.08 –4.02 0.000 0.42 0.74
Residence 1.88 0.22 5.39 0.000 1.49 2.36
Smoking status 1.08 0.08 1.02 0.308 0.93 1.24
BMI (tertiles) 1.05 0.08 0.68 0.493 0.91 1.21
Energy intake (tertiles) 0.93 0.07 –0.92 0.356 0.80 1.09
Pickled vegetable servings 0.41 0.09 –4.04 0.000 0.27 0.64
Table 11.21b. Percentage change in Odds for change in predictor variables (X) related to the amount of 






















Age (years) 0.02 2.847 0.004 1.7 18.9 10.6
Gender –0.20 –1.567 0.117 –18.4 –9.7 0.5
Marital status –0.59 –4.017 0.000 –44.6 –21.8 0.4
Residence 0.63 5.391 0.000 87.7 36.5 0.5
Smoking status 0.07 1.019 0.308 7.6 6.5 0.9
BMI (tertiles) 0.05 0.685 0.493 5.1 4.1 0.8
Energy intake (tertiles) –0.07 –0.923 0.356 –7.1 –5.8 0.8
Pickled vegetables –0.88 –4.040 0.000 –58.5 –25.9 0.3
Figure 11.8. Impact of selected risk factors on the occurrence of colorectal cancer
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Table 11.22 presents OR estimates related to high-fiber diet adjusted for all con-
founding	variables	considered	in	the	earlier	analyses.	It	demonstrates	that	high	intake	of	
dietary fiber has a protective action against colorectal cancer (OR = 0.67; 95% CI: 0.50–	
–0.89). Predicted risk of colorectal cancer related to intake of dietary fiber was shown 
in	Figure	11.10.	
Table 11.22. Estimated risk of colorectal cancer related to dietary factors (high-fiber intake) adjusted for 
potential confounders. Multivariable logistic regression
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Gender 0.86 0.11 –1.20 0.232 0.66 1.10
Age (years) 1.02 0.01 3.12 0.002 1.01 1.03
Marital status 0.56 0.08 –3.95 0.000 0.42 0.75
Residence 1.9 0.22 5.40 0.000 1.49 2.36
Smoking status 1.09 0.08 1.17 0.242 0.94 1.25
BMI (tertiles) 1.04 0.07 0.60 0.547 0.91 1.20
Energy intake (tertiles) 0.92 0.08 –0.96 0.338 0.79 1.09
High-fiber diet* 0.67 0.10 –2.74 0.006 0.50 0.89
* above 75th percentile of distribution (5.5 g/day)
Figure 11.9. Impact of selected risk factors on the occurrence of colorectal cancer 
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tween fish consumption and colorectal cancer mortality (112, 113), while others did not 
support these findings for neither colorectal cancer mortality (114, 116), nor incidence 
(117,	118).	
The	hypothesis	on	 the	 important	 role	of	 the	 long-chain	n-3	polyunsaturated	 fatty	
acids (PUFAs), being present in fatty cold-water fish and fish oils has been supported 
in	animal	experiments	and	 in vitro	 studies	showing	 that	 the	PUFAs	suppress	 the	de-
velopment of major cancers (119). Since current evidence on fish intake and reduced 
colorectal	cancer	risk	based	on	epidemiologic	studies	is	scarce,	therefore	the	important	
purpose of the study was to provide some insight into the relationship between fish 
consumption	and	colorectal	cancer	risk	from	the	European	region,	where	consumption	
of fish is rather low.
Figure 11.10. Predicted ORs of colorectal cancer related to daily intake of dietary fiber
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For	this	particular	analysis,	meats	were	grouped	into	red	meat,	processed	meat,	and	





and fish included fried, and processed (canned, salted, and smoked fish).




be further classified into 2 groups based on the position of the first double bond site: 
omega-3	fatty	acids	and	omega-6	fatty	acids.	The	most	prominent	omega-6	fatty	acids	
in	the	human	diet	are	arachidonic	acid	(found	in	animal	meat)	and	linoleic	acid	(found	
in	 vegetable	 oils,	 seeds,	 and	 nuts),	which	 can	 be	 converted	 into	 arachidonic	 acid	 by	




On average, median intake of various fish servings was significantly higher in con-
trols than cases (1.70/week vs. 1.25/week, z = 2.273, p = 0.023). Meatscore (average 
number	of	servings	of	cooked,	stewed,	fried	meat	and	poultry)	was	higher	in	cases	than	
Figure 11.11. Classification of fats
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controls (0.68 vs. 0.65) but the difference was of border level significance (p = 0.099). 
Fishscore (average mean number of servings of fried and processed fish) was signifi-
cantly lower in cases than in controls (0.17 vs. 0.19, t = 2.706, p = 0.007). Mean number 
of fish servings per day in controls and cases were presented in Figure 11.13 and for meat 
intake in Figure 11.14. The consumption of various meat and fish servings was signifi-
cantly	correlated	with	each	other).	While	there	was	very	strong	correlation	between	red	
meat and stewed or cooked meat intakes (r = 0.768, p < 0.0001), the total fish consump-
tion moderately interrelated with meat consumption (r = 0.171, p < 0.0001).
Table	 11.23	 shows	 the	 adjusted	 estimates	 of	 risk	 for	 colorectal	 cancer	meat-	 and	
fishscore based on the unconditional multivariable logistic regression model. Adjusted 
odds ratio for colorectal cancer was inversely related to fishscore (OR = 0.46; 95% CI: 
0.23–0.93) but increased with meatscore (OR = 1.48; 95% CI: 1.07–2.05). Pattern of the 
relationship between colorectal cancer risk and fish consumption measured by number 
of servings or amount of fish consumed in g/day was very similar. In Figure 11.15 we 
present predicted ORs of colorectal cancer related to fish consumption (in g/day). 
Figure 11.12. Metabolic pathway of omega-6 and omega-3 fatty acids
Jedrychowski 3.indd   159 06-06-2009   17:14:23
160 Wieslaw A. Jedrychowski, Tadeusz Popiela, Umberto Maugeri
Figure 11.13. Mean and SE of weekly number of fish servings consumed by controls and cases. Data col-
lected over the period 2000–2008 using FFQ in the hospital-based case-control study in Krakow
Figure 11.14. Mean and SE of weekly number of meat servings consumed by controls and cases. Data 
collected over the period 2000–2008 using FFQ in the hospital-based case-control study in Krakow
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Table 11.23. Relative risk (OR) of colorectal cancer and dietary components (meat score and fish servings 
a day) adjusted for potential confounders (estimated from multivariable logistic regression). N = 1329
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Gender 0.86 0.11 –1.16 0.245 0.66 1.11
Age (years) 1.02 0.01 2.97 0.003 1.01 1.03
Residence 1.90 0.22 5.52 0.000 1.52 2.39
Marital status 1.80 0.26 4.00 0.000 1.35 2.40
Smoking status 1.08 0.08 1.01 0.313 0.93 1.24
BMI (tertiles) 1.03 0.07 0.38 0.703 0.89 1.18
Energy intake (tertiles) 0.82 0.07 –2.44 0.015 0.70 0.96
Meatscore 1.48 0.25 2.34 0.019 1.07 2.05
Fishscore 0.46 0.16 –2.31 0.021 0.23 0.93
Figure 11.15. Predicted ORs of colorectal cancer related to intake of fish (g/day)
Table	11.24	demonstrates	the	estimates	of	colorectal	cancer	risk	after	recalculation	of	
number of daily fish servings to number of portions consumed per week. As before, the 
reduction of colorectal cancer was already seen at the moderate fish intake of one or two 
servings per week (OR = 0.70, 95% CI: 0.51–0.94) but it was yet lower at higher fish 
intake (OR = 0.56; 95% CI: 0.39–0.86). 
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Figure 11.16. ORs of colorectal cancer due to meat and fish consumption level 
Table 11.24. Effect estimates of fish intake (number of servings per week) adjusted for covariables (gen-
der, age, residence, body mass index, marital status education, and meat consumption)
Case Odds Ratio z P > z [95% Conf. Interval]
Less than once a week 1.00
1–2 times a week 0.70 –2.34 0.019 0.51 0.94
3–4 times a week 0.75 –1.96 0.050 0.56 1.00
More than 4 times a week 0.56 –2.66 0.008 0.39 0.86
Figure 11.16 presents the different impact of meat- and fishscore on colorectal cancer 
risk.	Estimated	ORs	of	colorectal	cancer	related	to	meatscore	broken	down	by	levels	of	
fish consumption were presented in Tables 11.25 and 11.26. While the effect of meat-
score (model without interaction term) was significant at low level of fish consumption 
(OR = 1.82; 95% CI: 1.09–3.06), the impact became insignificant at higher level of fish 
consumption (OR = 1.23; 95% CI: 0.81–1.87). In the subsequent analysis (Table 11.27) 
we documented that the interaction between meat and fish intake was statistically sig-
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Table 11.25. Relative risk (OR) of colorectal cancer and meat score in the study sample strata with low 
fish consumption (below median number of fish servings a day; median = 0.224) adjusted for potential 
confounders (estimated from multivariable logistic regression). N = 641
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Gender 0.81 0.15 –1.11 0.266 0.56 1.17
Age (years) 1.01 0.01 1.47 0.141 0.99 1.03
Residence 2.07 0.35 4.34 0.000 1.49 2.87
Marital status 2.04 0.41 3.52 0.000 1.37 3.03
Smoking status 1.07 0.11 0.64 0.520 0.87 1.31
BMI (tertiles) 0.99 0.15 –0.04 0.972 0.81 1.22
Energy intake (tertiles) 0.83 0.10 –1.52 0.128 0.65 1.06
Meatscore 1.82 0.48 2.30 0.022 1.09 3.06
Table 11.26. Relative risk (OR) of colorectal cancer and meat score in the study sample strata with higher 
fish consumption (above median number of fish servings a day; median = 0.224) adjusted for potential 
confounders (estimated from multivariable logistic regression). N = 688
Predictors Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Gender 0.93 0.17 –0.37 0.711 0.65 1.34
Age (years) 1.02 0.01 2.71 0.007 1.01 1.04
Residence 1.81 0.30 3.60 0.000 1.31 2.49
Marital status 1.47 0.32 1.80 0.072 0.97 2.24
Smokin Smoking status 1.09 0.11 0.87 0.384 0.90 1.33
BMI (tertiles) 1.05 0.11 0.51 0.610 0.86 1.28
Energy intake (tertiles) 0.79 0.09 –2.05 0.040 0.63 0.99
Meatscore 1.23 0.26 0.96 0.336 0.81 1.87
Table 11.27. Relative risk (OR) of colorectal cancer related to meat and fish score (above median of meat-
score and number of fish servings a day) adjusted for potential confounders (estimated from multivariable 
logistic regression with interaction term). N = 1329
Predictors Odds Ratio Std. Err. z P>z [95% Conf. Interval]
Gender 0.86 0.11 –1.16 0.247 0.66 1.11
Age (years) 1.02 0.01 3.00 0.003 1.01 1.03
Residence 1.93 0.23 5.64 0.000 1.54 2.43
Marital status 1.77 0.26 3.87 0.000 1.32 2.36
Smoking status 1.07 0.08 0.93 0.354 0.93 1.23
BMI (tertiles) 1.02 0.07 0.33 0.744 0.89 1.18
Energy intake kcal 
(in tertiles) 0.84 0.07 –2.23 0.026 0.71 0.98
Meatscore* 1.51 0.26 2.40 0.016 1.08 2.11
Fishscore** 1.09 0.18 0.49 0.621 0.78 1.51
Interaction term 
(meatscore * fishscore) 0.62 0.14 –2.03 0.042 0.40 0.98
* categorized by the median value of meat score
** categorized by the median value of fish servings a day
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Tea consumption 
The	issue	of	tea	consumption	and	colorectal	cancer	risk	were	reported	in	many	studies	
(146–153) but most of them do not find a significant protective effect on colorectal can-
cer.	It	is	believed	that	potential	protective	effect,	if	any,	is	linked	with	catechins	derived	
from	 tea	 (154).	 In	 our	 study	we	 found	 that	 controls	 drank	more	 tea	 than	 cases	 (Fig.	
11.18)	and	that	heavy	tea	drinkers	(3	or	more	cups	of	tea	daily)	had	much	lower	risk	of	
colorectal cancer than those with very low tea intake (OR = 0.43, 95% CI: 0.29–0.65) 
(Table	11.28).	The	effect	of	tea	consumption	on	the	estimated	risk	of	colorectal	cancer	
was	displayed	in	the	Figure	11.19.
Figure 11.17. Predicted ORs of colorectal cancer related to consumption of meat and fish intake 
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Table 11.28. ORs of colorectal cancer related to tea intake daily (number of portions) adjusted for potential 
confounders (estimated from multivariable logistic regression). N = 1329
Case Odds Ratio Std. Err. z P > z [95% Conf. Interval]
Age (years) 1.02 0.01 3.60 0.000 1.01 1.03
Gender 0.87 0.11 –1.14 0.253 0.68 1.11
Marital status 0.57 0.08 –3.81 0.000 0.43 0.76
Residence 1.95 0.23 5.71 0.000 1.55 2.45
Smoking status
BMI 1.02 0.07 0.31 0.759 0.89 1.18
Number of tea portions daily
 < 2 1.00
 > 2–3.5 0.88 0.12 –0.98 0.328 0.68 1.14
 > 3.5 0.43 0.09 –4.06 0.000 0.29 0.65
Figure 11.18. Histograms of daily tea portions in controls and cases
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Discussion 
The	results	showed	that	the	risk	of	colorectal	cancer	inversely	correlated	with	daily	num-





day). Except apples, no other fruits were significantly associated with the reduced risk 
of	colorectal	cancer.	We	think	that	the	reduction	of	colorectal	cancer	risk	associated	with	











Figure 11.19. Predicted ORs of colorectal cancer related to intake of tea (number of daily portions)
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The relationship of dietary flavonoids (catechins) and epithelial cancer was examined 
in	728	men	(aged	65–84)	as	part	of	the	Zutphen	Elderly	Study	and	apple	consumption	
was	associated	with	decreased	epithelial	lung	cancer	incidence	(60).	Other	data	from	the	
Zutphen Elderly study showed an inverse association between fruit and vegetable flavo-
noids	and	total	cancer	incidence	and	tumors	of	the	alimentary	and	respiratory	tract	(61).	















inverse association was seen between flavonoid intake and lung cancer development 
(64). In the sampled population, the mean flavonoid intake was 4.0 mg per day, and 95% 
of the total flavonoid intake was quercetin. Apples and onions together provided 64% of 
all flavonoid intake. The reduced risk of lung cancer associated with increased flavonoid 
consumption	was	especially	strong	in	younger	people	and	in	nonsmokers.	Apples	were	
the only specific foods that were inversely related to lung cancer risk. Since apples were 
the main source of flavonoids in the Finnish population, it was concluded that the flavo-
noids	from	apples	were	most	likely	responsible	for	the	decreased	risk	in	lung	cancer.	
Up to now, epidemiologic cohort studies on humans that related flavonoid intake to 
risk	of	colorectal	 cancer	are	 sparse	and	 inconclusive.	 In	one	cohort	 study	of	women,	
Arts et al. (62) observed an inverse association between certain flavonoid subgroups 
and	risk	of	rectal	cancer.	Very	big	prospective	cohort	study	carried	out	in	USA	evaluated	
the association between intake of flavonoids and colorectal cancer incidence in 71 976 
women	from	the	Nurses’	Health	Study	and	35	425	men	from	the	Health	Professionals	
Follow-Up Study. Dietary intake of flavonoids was assessed three times over the period 
in	1990–1998	by	means	of	a	food	frequency	questionnaire.	Between	1990	and	2000,	the	
authors	assessed	878	incident	cases	of	colorectal	cancer	(498	in	women	and	380	in	men)	
but total flavonoid intake was not inversely associated with colorectal cancer risk among 
women	and	men	combined	(63).	
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Lack	of	consistency	between	case-control	and	cohort	studies	 in	humans	raises	 the	
question of whether the protective effects of flavonoids demonstrated in vitro	or	in	ani-
mal	studies	can	be	achieved	in	humans.	A	central	concern	in	epidemiologic	studies	on	
diet	and	cancer	is	validity	of	the	dietary	assessment	and	in	the	debate	on	shortcomings	
of studies we have to keep in mind that flavonoid intake in studies was mostly assessed 
with	food	frequency	questionnaires	(FFQ),	which	may	bias	the	measurement	of	dietary	
flavonoids. Since flavonoids are derived from different kinds of foods their total intake 
varies	with	many	factors,	such	as	processing,	storage,	or	species	variety.	Different	types	
of apples or other fruits are likely to have different concentrations of flavonoids. More-
over, most flavonoids present in foods are in the form of esters, glycosides, or polymers 
that	cannot	be	absorbed	in	their	indigenous	form	(64).	They	are	usually	absorbed	after	
being	 transformed	 to	 aglycons	 in	 the	 gastrointestinal	 tract	 (65–68).	The	 amount	 that	
is	bioavailable	is	usually	a	small	proportion	of	the	ingested	amount	(69–70)	and	none	
of	 the	studies	 included	 the	correction	of	 the	risk	estimates	 for	 the	bioavailability	fac-
tor. Although recent studies have suggested that the bioavailability of certain flavonoids 
from food may be higher than expected, it still remains unclear whether the beneficial 
effects	of	anti-proliferation	and	antioxidation	from	in vitro	studies	would	also	exist	in	
humans, since the beneficial effects in experimental animal studies were often obtained 
with	much	higher	concentrations	than	can	be	achieved	in	humans	through	regular	diet	
(37). Moreover, the colon bacteria flora catalyzes flavonoids into metabolites (71) and 
the inter-individual variation in the colonic microbial flora and the unpredictable influ-
ences	of	foods	on	microbial	metabolite	production	complicates	the	problem	concerning	
the impact of flavoids on health effects in population at large.
This large hospital based case-control study confirmed that besides fruits, also con-
sumption	of	pickled	vegetables	was	associated	with	reduced	risk	of	colorectal	cancer.	
In the nested logistic multivariable analysis we were able to confirm that both pickled 
vegetables (OR = 0.68; 95% CI: 0.51–0.91) and consumption of apples (OR = 0.62; 95% 






cer, though this was not always statistically significant. Some of these studies indicated 
that	very	low	consumption	of	vegetables	or	fruits	may	double	the	risk	of	colon	cancer.	
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of fruit juice against polyps observed in women showed a significant tendency to be 
stronger	for	polyps	with	moderate	or	severe	dysplasia	than	for	mild	dysplastic	lesions,	








1000	 incident	cases	of	colorectal	cancer	 in	6.3	years	of	 follow-up	 in	 the	Netherlands	
Cohort Study on Diet and Cancer found significant association with total vegetable in-
take	or	total	fruit	intake	for	colon	cancer	only	in	men.	In	women	an	inverse	association	
was observed for vegetables and fruits combined (RR = 0.66; 95% CI: 0.44–1.01) in the 
highest	quintile	of	consumption	compared	with	the	lowest.	Interestingly,	certain	kind	of	
vegetables	(brassica	cabbage)	and	cooked	leafy	vegetables	showed	inverse	associations	
for both men and women. For rectal cancer, no statistically significant associations were 
found	for	vegetable	consumption	or	fruit	consumption	or	for	any	particular	groups	of	
vegetables	and	fruits.	
Several other large prospective studies in different populations that failed to find any 
evidence	 for	protective	effects	of	 fruit	 and	vegetables	against	colorectal	cancer	made	
the	debate	on	the	subject	very	stormy	(79–82).	Vegetable	consumption	was	found	to	be	
unrelated	 to	risk	of	 incident	colon	cancer	 in	male	health	professionals	over	a	10-year	
period (RR = 1.24) (79). No association between vegetable consumption and incident 
colon cancer was seen among male Finnish smokers (RR = 1.2; 95% CI: 0.8–1.9) (81), 
or men in the Netherlands cohort study (RR= 0.85; 95% CI: 0.57–1.27) (82). Shibata 
et	al.	even	found	a	modestly	increased	risk	of	colon	cancer	among	older	US	men	with	





(400 mg ⁄day) and alpha-tocopherol (400 mg/day) in 157 patients who had undergone 
endoscopic	polypectomy.	Recurrence	of	polyps	was	observed	in	41.4%	of	70	subjects	
on	vitamin	supplements	and	in	50.7%	of	67	subjects	on	placebo.	The	RR	of	polyp	oc-
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Our case-control study has documented that higher dietary fiber intake (above 75% 
percentile	of	the	distribution,	i.e.,	5.56	g/day)	is	associated	with	reduced	risk	of	colorectal	
cancer (OR = 0.67; 95% CI: 0.50–0.89). The term ‘dietary fiber’ encompasses a complex 
mix	of	mostly	non-digestible	plant	cell	compounds	with	variable	effects	on	gut	physiol-
ogy	(87,	88).	It	was	already	documented	that	consumption	of	foods	high	in	beta-carotene	
and	 lycopene	was	 associated	with	 trends	 toward	 reduced	 risk	 of	 colon	 cancer.	 Some	
meta-analyses (89, 90) of case-control studies on fiber and colorectal cancer that con-
sidered methodological similarities among studies found significant inverse association 









Whole grains are high in antioxidants, fiber and certain phytochemicals hypothesized 
to	reduce	risk	of	cancer	and	nine	out	of	10	case-control	studies	reviewed	by	Jacobs	et	
al.	(102)	have	shown	an	inverse	association	between	whole	grain	intake	and	colorectal	
cancer (pooled RR = 0.79). Although case-control studies suggest inverse associations 
between	beta-carotene	or	lycopene	from	food	and	colorectal	cancer	risk,	but	the	prospec-








nutrients and non-nutrients may be more important than one specific factor. Our findings 
warrant further research on specific fruit and vegetable subtypes, and on whether a lower 
threshold	exists	for	intake	of	plant	foods	and	colon	cancer	prevention.
Our	results	strengthen	the	evidence	that	high	consumption	of	meat	may	increase	the	
risk of cancer of the large intestine, however, higher fish intake has clear opposite effect 
on	colorectal	cancer.	In	this	study,	the	adjusted	relative	risk	of	colorectal	cancer	related	
to	meatscore	was	1.48	(95%	CI:	1.07–2.05).	Instead,	the	adjusted	risk	of	colorectal	can-
cer was inversely related with the level of fish consumption measured by fishscore (OR 
= 0.46; 95% CI: 0.23–0.93). The estimates of risk were adjusted for age, gender, place 
of residence, marital status, smoking and body mass index. The important finding of the 
study is the fact that adequate fish consumption (at least one serving a week) has the sig-
nificant modulating effect on the colorectal cancer risk related to meat consumption and 
this was confirmed by significant interaction term between meat and fish consumption 
(OR for interaction term = 0.62; 95% CI: 0.40–0.98).
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scientific value than retrospective studies for assessing the relation between diet and 
cancer	since	they	are	supposed	to	be	free	from	the	recall	bias	(recall	of	past	dietary	hab-
its	after	the	cancer	has	been	diagnosed).	While	prospective	study	of	American	women	
showed	no	evidence	of	an	association	between	meat	and	colorectal	 cancer	 (104),	 the	





tion had higher risk of distal colon cancer associated with processed meat (RR = 1.50; 
95% CI: 1.04–2.17), however, long-term consumption of poultry and fish was inversely 
associated	with	risk	of	both	proximal	and	distal	colon	cancer.	High	consumption	of	red	
meat was associated with higher risk of rectal cancer (RR = 1.71; 95% CI: 1.15–2.52; 
p = 0.007 for trend).
Our risk estimates regarding the effects of meat and fish consumption on colorectal 
cancer	risk	are	very	close	to	the	conclusions	reached	in	the	EPIC	study,	which	prospec-
tively	 followed	 478	 040	men	 and	women	 from	 10	Western	 European	 countries	who	
were	free	of	cancer	at	enrollment	(6).	After	a	mean	follow-up	of	4.8	years,	1329	incident	
colorectal	 cancers	were	 documented	 and	 the	 relationship	 between	 intakes	 of	 red	 and	
processed meat, poultry, and fish and colorectal cancer risk were assessed. The study 
showed	strong	evidence	that	colorectal	cancer	risk	was	positively	associated	with	intake	
of red and processed meat and inversely associated with intake of fish. The overall as-
sociation	with	colorectal	cancer	 risk	was	stronger	 for	processed	 than	for	unprocessed	
red	meat.	In	the	latter	study,	the	estimated	absolute	risk	of	developing	colorectal	cancer	
within	10	years	for	a	subject	aged	50	years	was	1.71%	for	the	highest	category	of	red	
meat	 intake	and	1.28%	for	 the	 lowest	category	of	 intake	and	was	1.86%	for	 subjects	
in the lowest category of fish intake and 1.28% for subjects in the highest category of 






to	humans,	depending	on	the	extent	 to	which	the	compounds	are	activated	 in vivo	by	
metabolic	enzymes.	HCAs	are	formed	as	a	byproduct	of	reactions	during	the	cooking	of	
meat, poultry, and fish at high temperatures, such as pan-frying or grilling with charcoal 
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The evidence of an inverse association between colon cancer risk and fish intake 
has	also	been	observed	in	other	prospective	studies	(94,	124).	A	large	number	of	case-
control studies did not find any clear association between fish consumption and the risk 
of	colorectal	cancer	or	polyps	(125–139).	Others	have,	however,	reported	a	protective	
effect of fish consumption on colorectal cancer risk (140–144). 
The	mechanisms	underlying	the	association	between	colorectal	cancer	risk	and	high	
intake of fish are under debate. Evidence from animal and in vitro	studies	indicates	that	
n-3	fatty	acids,	especially	the	long-chain	polyunsaturated	fatty	acids	(eicosapentaenoic	
acid and docosahexaenoic acid), present in fatty fish and fish oils may inhibit carcino-
genesis.	Several	molecular	mechanisms	whereby	n-3	fatty	acids	may	modify	the	carci-
nogenic	process	have	been	proposed.	These	 include	 suppression	of	 arachidonic	 acid-	
-derived eicosanoid biosynthesis; influences on transcription factor activity, gene expres-
sion,	and	signal	transduction	pathways;	alteration	of	estrogen	metabolism	or	production	
of	free	radicals	and	reactive	oxygen	species;	and	mechanisms	involving	insulin	sensitiv-
ity and membrane fluidity (145). However, to gain more understanding of the effects of 
n-3	fatty	acid	intake	on	cancer	risk	further	studies	are	needed	to	evaluate	and	verify	these	
mechanisms	in	humans.
Our estimates of fish consumption in the study sample were very close to those found 
in	the	general	population.	Based	on	the	market	data	collected	in	2005	by	the	Institute	
of Farming and Food Economy in Poland, average weight of fishery products (per cap-
ita) amounted to 32.4 g/per day (155). In total, sea fish was consumed most frequently 
(86%), pollock and herrings contributing in 46% to the total amount of fishery products. 
Pollock fish as a whole was imported and 75% of herrings came from the Baltic sea. 
Figure 11.20 presents the distribution of different species of fishery products sold in Po-
land. In our study sample we found – after recalculation of fish servings – that estimated 
average consumption of fish in controls was 27.4 g/day, 95% CI: 25.5–29.4) and was 
significantly higher in men (32.3 g/day, 95% CI: 29.2–35.3) than in women (22.1 g/day, 
95%	CI:	20.0–24.3).	
To our knowledge it is the first large epidemiologic study carried out in the Eastern 
Europe on protective effect of fish intake in the occurrence of colorectal cancer. The 
study results are in conflict with some case-control studies earlier published. The con-




that studies do not separate consumption of different fish species having various nutrient 
and	fat	content.	The	proportion	of	saturated,	monounsaturated	and	polyunsaturated	fat	
varies	between	species,	and	the	difference	in	 total	fat	content	affects	not	only	the	en-
ergy content of different fish species, but also the amount of fat-soluble vitamins (A, D, 	
a-tocopherol)	that	may	be	important	in	cancer	prevention.	Hence,	in	future	studies,	the	
analysis of individual species or of fish subgroups (lean and fatty fish), should be sepa-
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rately considered. Furthermore, it should be avoided to combine different kinds of fish 
and merge fish consumption with chicken intake. Chicken contains a higher proportion 
of saturated and monounsaturated fat than fish, and a lower proportion of polyunsatu-
rated fat. Since the association between fish intake and cancer risk greatly depends on 
a sufficient range of exposure, multicenter studies with a wide range of exposure should 
be	encouraged.	
Main conclusions
This is the first large hospital based case-control study in eastern Europe which con-
firmed that besides fruits, also consumption of pickled vegetables was associated with 
reduced	risk	of	colorectal	cancer.	In	the	nested	logistic	multivariable	analysis	we	were	
able to confirm that both pickled vegetables (OR = 0.68; 95% CI: 0.51–0.91) and con-
sumption of apples (OR = 0.62; 95% CI: 0.46–0.84) were significantly associated with 
the	lower	risk	of	colorectal	cancer.	We	think	that	the	reduction	of	colorectal	cancer	risk	








Figure 11.20. Consumption of different species of fishery products in Poland, 2005 (reference 155)
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Our	results	also	added	an	 important	evidence	 that	high	consumption	of	meat	may	
increase the risk of cancer of the large intestine, however, higher fish intake has clear 
opposite	effect	on	colorectal	cancer.	In	this	study,	the	adjusted	relative	risk	of	colorectal	
cancer	related	to	meatscore	was	1.48	(95%	CI:	1.07–2.05).	Instead,	the	adjusted	risk	of	
colorectal cancer was inversely related with the level of fish consumption measured by 
fishscore (OR = 0.46; 95% CI: 0.23–0.93). The estimates of risk were adjusted for age, 
gender,	place	of	 residence,	marital	 status,	 smoking	and	body	mass	 index.	The	 impor-
tant finding of the study is the fact that adequate fish consumption (at least one serving 
a week) has the significant modulating effect on the colorectal cancer risk related to meat 
consumption and this was confirmed by significant interaction term between meat and 
fish consumption (OR for interaction term = 0.62; 95% CI: 0.40–0.98). In the literature, 
the evidence is still ambiguous, but these findings should prompt interest in the possibil-
ity that a high dietary intake of n-3 polyunsaturated fatty acids from oily fish may exert 
anticarcinogenic	effects	on	the	colorectal	mucosa,	perhaps	by	reducing	the	production	
of proinflammatory eicosanoids and inhibiting the expression and activity of COX-2 in 
a	manner	analogous	to	aspirin	and	other	NSAIDs.
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